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ABSTRACT
CCD observations of 68 eclipsing binary systems, candidates for containing δ Scuti
components, were obtained. Their light curves are analyzed using the Period04 soft-
ware for possible pulsational behaviour. For the systems QY Aql, CZ Aqr, TY Cap,
WY Cet, UW Cyg, HL Dra, HZ Dra, AU Lac, CL Lyn and IO UMa complete light
curves were observed due to the detection of a pulsating component. All of them, ex-
cept QY Aql and IO UMa, are analysed with modern astronomical softwares in order
to determine their geometrical and pulsational characteristics. Spectroscopic observa-
tions of WY Cet and UW Cyg were used to estimate the spectral class of their primary
components, while for HZ Dra radial velocities of its primary were measured. O−C
diagram analysis was performed for the cases showing peculiar orbital period varia-
tions, namely CZ Aqr, TY Cap, WY Cet and UW Cyg, with the aim of obtaining a
comprehensive picture of these systems. An updated catalogue of 74 close binaries in-
cluding a δ Scuti companion is presented. Moreover, a connection between orbital and
pulsation periods, as well as a correlation between evolutionary status and dominant
pulsation frequency for these systems is discussed.
Key words: methods: data analysis–techniques: image processing–(stars:) binaries
(including multiple): close–stars: fundamental parameters–stars: variables: δ Scuti–
(stars:) binaries: eclipsing–stars: fundamental parameters–stars: individual: QY Aql,
CZ Aqr, TY Cap, WY Cet, UW Cyg, HL Dra, HZ Dra, AU Lac, CL Lyn, IO UMa
1 INTRODUCTION
In general, close binaries, and especially the eclipsing ones,
are stellar objects whose absolute parameters and evolution-
ary status can be easily derived from observations. Single
δ Scuti stars show discrepancy from binary-members regard-
ing their evolutionary status. The single ones are situated on
the Main Sequence (hereafter MS) or moving from it to the
giant branch. On the other hand, the δ Scuti components
in binaries show slow evolution through the MS, thus they
are very useful tools to diagnose this extraordinary part of
a stellar lifetime. This difference in evolution is connected
with the mass transfer process and tidal distortions occur-
ring in binary systems during their MS life (Mkrtichian et al.
2003; Soydugan et al. 2006a). Therefore, single and binary-
⋆ E-mail: alliakos@phys.uoa.gr
contained δ Scuti stars, although they present similar pul-
sational properties, should not be considered of the same
type due to a likely different evolutionary past. Especially
the ones in classical Algols show variable pulsational char-
acteristics due to mass gain (Mkrtichian et al. 2004, 2007),
a process that is responsible for differences in the excitation
mechanism, i.e. κ-driven oscillations compared to tidally in-
duced or mass-accretion induced oscillations. Additionally,
calculation of the absolute parameters and the identifica-
tion of the oscillating characteristics of a binary’s pulsational
component provide the means to obtain a detailed picture
of the star. Obviously, the larger the sample of such stars
the more information and conclusions can be derived.
During the last decade interest for pulsating stars in
close binaries has increased significantly and a lot of dis-
coveries announced. Mkrtichian et al. (2004) introduced the
oEA (oscillating EA) stars as the (B)A-F spectral type mass-
c© 201X RAS
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accreting MS pulsators in semi-detached Algol-type eclips-
ing binary (hereafter EBs) systems. Soydugan et al. (2006a)
made a first attempt to find a connection between pulsation
and orbital periods of systems with δ Scuti component and
resulted into a linear relation. Zhou (2010) published a cata-
logue containing 89 systems and distinguished them accord-
ing to their pulsational properties. Soydugan et al. (2011)
also published a similar list including 43 cases of systems
including a δ Sct component. Space missions such as CoRot
and Kepler have been discovering many pulsating stars in
binaries (cf. Southworth et al. 2011; Damiani et al. 2010).
Their measurements provide the means to derive many pul-
sation frequencies and identify the oscillating modes with
unprecedented accuracy.
The present work is a continuation of the survey for
δ Scuti components in EBs of Liakos & Niarchos (2009).
Eight new such systems are presented herein for the first
time, while the results of some cases that were recently dis-
covered by other investigators are confirmed. The major-
ity of the observed systems were selected from the lists of
Soydugan et al. (2006b). The results of both surveys, which
enriched significantly (∼ 14%) the sample of such binaries,
can therefore be used for future space and/or ground based
observing campaigns.
The study of the ‘Observed−Calculated’ times of min-
ima variation(s) (hereafter O−C analysis) of an EB pro-
vides valuable information for the mechanisms which form
its orbital period (e.g. mass transfer, third body, magnetic
influences etc). On the other hand, the ‘snapshot’ of the
binary, i.e. its light curve (hereafter LC), leads us to under-
stand directly which physical processes are occurring (e.g.
third light existence, Roche Lobe filling). The combined in-
formation from these two independent methods of analysis
provides a more comprehensive view of a binary system.
Eleven systems exhibiting oscillating behaviour were se-
lected for further observations and eight of them are stud-
ied using efficient modern techniques for LC and photomet-
ric frequency analyses. The remaining three cases QY Aql,
BO Her, and IO UMa, will be presented in a future work.
Four of these eleven were found to have orbital period
changes from O−C analysis.
2 OBSERVATIONS AND DATA REDUCTION
The photometric observations were carried out during
September 2008 - September 2011 at the Gerostathopoulion
Observatory of the University of Athens (UoA) located in
Athens, Hellas, and at the Kryonerion (Kry) Astronomical
Station of the Astronomical Institute of the National Obser-
vatory of Athens located at Mt. Kyllini, Corinthia, Hellas.
The instrumentation used for the observations is described
in detail in Table 1.
Aperture photometry was applied to the data and dif-
ferential magnitudes for all systems were obtained using the
software MuniWin v.1.1.26 (Hroch 1998). The adopted ob-
servational strategy in this survey was the same as that de-
scribed in detail in the previous paper (Liakos & Niarchos
2009). Briefly, the observational guidelines were: i) the time
span should be greater than 3 hr, ii) the filter B or V should
be used, iii) the comparison star should be of similar mag-
nitude and spectral type to the variable, iv) appropriate ex-
Table 1. The instrumentation setups (Telescope & CCD) used
during the photometric observations, their location (Loc.) and
abbreviation (Ab.).
Telescope CCD* Loc. Ab.
Cassegrain - 0.4 m, f/8 ST–8XMEI UoA A1
Cassegrain - 0.4 m, f/8 ST–10XME UoA A2
Newt. Reflector - 0.2 m, f/5 ST–8XMEI UoA A3
Newt. Reflector - 0.25 m, f/4.7 ST–8XMEI UoA A4
Cassegrain - 1.2 m, f/13 AP47p Kry K
*The CCDs are equipped with the Bessell U, B, V, R, I
photometric filters
posure times and binning modes must be used for the best
possible photometric S/N (signal-to-noise ratio).
In Table 2 we list: the name of the system as given in
the GCVS catalogue (Samus et al. 2012), its apparent mag-
nitude (m) and spectral type (S.T.) as given in SIMBAD,
the filters (F ) used, the number of nights (N ) of observa-
tions, the total time span (T.S.), the standard deviation
(S.D.) of the observed points (mean value), the phase inter-
vals (P.I.), the dominant pulsation frequency (fdom) found
and its semi-amplitude (AB) in B-filter (see section 6 for
details), and the abbreviation for the instrumentation (In)
used for each case according to Table 1. For the majority
of the systems, the observations were obtained outside the
primary eclipse, since the primary component (hotter one)
was the candidate δ Sct star.
The eight systems found to exhibit pulsational be-
haviour and whose complete LCs were obtained are listed
in Table 3 along with the corresponding Comparison and
Check stars.
The spectroscopic observations were obtained with the
1.3 m Ritchey-Chre´tien telescope at Skinakas Observatory,
Mt. Ida, Crete, Hellas, on 6 October 2010 for WY Cet,
UW Cyg and on 20 and 24 September 2011 for HZ Dra.
We used a 2000×800 ISA SITe CCD camera attached to
a focal reducer, with a 2400 lines/mm grating and slit
of 80 µm. This arrangement yielded a nominal dispersion
of ∼0.55 A˚/pixel and wavelength coverage between 4782-
5864 A˚. Data reduction was performed using the Radial Ve-
locity reductions v.2.1d software (Nelson 2009). The frames
were bias subtracted, a flat field correction was applied, and
the sky background was removed. The spectral region was
selected so as to include Hβ and sufficient metallic lines. Be-
fore and after each on-target observation, an arc calibration
exposure (NeHeAr) was recorded.
3 SPECTROSCOPIC ANALYSIS
WY Cet, UW Cyg and a total of 23 spectroscopic standard
stars ranging from A0 to G8 spectral types were observed
with the same instrumental set-up. We used 900-s and 2000-s
exposure times for WY Cet and UW Cyg, respectively. Both
spectra were observed well inside the secondary eclipses (at
the phase 0.506 for WY Cet and 0.509 for UW Cyg) when
the light contribution from the secondary component is min-
imal, therefore the spectra practically correspond to the pri-
maries. All spectra were calibrated and normalized to enable
direct comparisons. Then, we shifted the spectra, using Hβ
c© 201X RAS, MNRAS 000, 1–13
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Table 2. The total log of observations.
System m S.T. F N T.S. S.D. P.I. fdom AB In
(mag) (hrs) (mmag) (c/d) (mmag)
And CP 11.80 (B) A5 B 1 6 5.8 0.20-0.26 – – A2
And TW 9.49 (B) F0V B 2 6 2.2 0.78-0.81, 0.26-0.29 – – A2
And V342 7.98 (B) A3 B 1 6.5 1.8 0.90-1.00 – – A3
And V363 9.29 (B) A2 B 1 4 4.2 0.00-0.14 – – A3
Aql QY 11.4 (B) F0 BV I 36 200+ 3.8 0.00-1.00 10.655 (3) 12.0 (1) A2 & K
Aql V805 7.85 (B) A3 B 1 4 1.3 0.82-0.88 – – A3
Aql V1461 9.00 (B) A0 B 1 4.5 3.7 0.56-0.67 – – A3
Aqr CZ 11.20 (B) A5 B 10 25+ 2.9 0.00-1.00 35.508 (2) 3.7 (5) A2
Ari SZ 11.60 (B) F0 V 1 3.5 3.6 0.51-0.60 – – A2
Aur V417 7.99 (B) A0 BV RI 9 45+ 1.5 0.00-1.00 – – A2
Cam SS 10.93(B) G1III B 1 4 3.8 0.61-0.64 – – A2
Cas IS 12.10(B) A2 B 1 4 4.1 0.19-0.26 – – K
Cas V364 11.10(B) A7 B 1 4 3.4 0.15-0.26 – – A2
Cas V773 6.32 (B) A3 B 1 4 2.1 0.45-0.59 – – A3
Cas V821 8.37 (B) A0 B 1 4 1.5 0.60-0.68 ? – A2
Cep EI 7.94 (B) A5 B 1 4.5 1.4 0.22-0.24 ? – A2
Cep V405 8.95 (B) A2 BV RI 5 35 2.4 0.00-1.00 – – A2
Cep WX 9.38 (B) A3 B 1 2.5 3.8 0.64-0.67 – – A2
Cep XX 9.47 (B) A7V B 1 4 2.5 0.63-0.69 32.07 (4) 3.6 (4) A2
Cet DP 7.01 (B) A2 B 1 4 1.9 0.88-0.92 – – A3
Cyg MY 8.68 (B) A2.5 B 3 13 2.0 0.21-0.29, 0.71-0.76 – – A2
Cyg UW 11.00 (B) A5 BV I 26 90+ 2.7 0.00-1.00 27.841 (2) 1.9 (2) A2
Cyg V477 8.71 (B) A1V BV 1 4 2.9 0.71-0.77 – – A2
Cyg V959 11.50 (B) A5 B 1 4 3.4 0.49-0.61 – – K
Cyg V2083 7.13 (B) A3 B 1 4 2.3 0.09-0.15 – – A3
Cyg V2154 8.18 (B) F0 B 1 4 1.1 0.59-0.65 – – A2
Cyg VW 10.58 (B) A3 B 1 4 3.0 0.20-0.22 – – A2
Dra HL 7.52 (B) A5 BV RI 17 60+ 2.1 0.00-1.00 26.914 (1) 3.0 (2) A2
Dra HZ 8.34 (B) A0 BV RI 8 25+ 2.7 0.00-1.00 51.068 (2) 4.0 (4) A3
Dra RX 10.84 (B) F0 B 2 11 5.4 0.38-0.45, 0.58-0.64 – – A2
Her AD 10.02 (B) A4V B 1 4 4.2 0.63-0.65 – – A3
Her BO 11.6 (B) A7 BV I 26 130 4.5 0.00-1.00 13.430 (1) 68 (3) A2 & K
Her FN 10.50 (B) A8 B 1 4.5 6.0 0.76-0.83 – – A2
Her HS 8.58 (B) B6III BV I 4 4 3.8 0.20-0.30 – – A2
Her SZ 10.28 (B) F0V B 1 4 2.8 0.20-0.29 – – A2
Her UX 9.11 (B) A0V B 1 4 3.6 0.73-0.82 – – A1
Her V948 9.26 (B) F2 BV RI 10 35 3.5 0.00-1.00 – – A2
Her V1002 9.14 (B) A0 B 1 4 3.5 0.13-0.23 – – A3
Hya DE 11.00 (B) A2 B 1 4 3.9 0.28-0.32 – – A2
Lac AU 11.50 (B) A5 BV RI 19 80+ 2.0 0.00-1.00 58.217 (1) 5.0 (3) K & A2
Lac CM 8.39 (B) A3 BV RI 10 40+ 2.6 0.00-1.00 ? – A2
Lac VX 10.83 (B) F0 B 3 14 4.5 0.10-0.50 – – A2
Lac V364 8.54 (B) A3 B 1 4 1.9 0.25-0.27 – – A3
Lac V398 8.87 (B) A0 B 1 4 3.1 0.27-0.30 – – A3
Lyn CL 10.05 (B) A5 BV I 12 90+ 4.0 0.00-1.00 23.051 (1) 7.3 (3) A4
Lyn SX 10.00 (B) A2 BV I 6 30 8.4 0.00-0.10, 0.48-0.65 – – A3
Lyr RV 11.50 (B) A5 B 1 6 3.6 0.74-0.80 – – K
Mon EP 10.50 (V ) A3 B 1 4 3.6 0.20-0.34 – – A2
Mon HO 11.40 (B) A5 B 1 5.5 3.9 0.18-0.21 – – A2
Oph V391 11.50 (B) A1 B 1 5 4.5 0.56-0.65 – – K
Oph V456 10.37 (B) A2 B 1 4 3.7 0.67-0.85 – – A1
Ori EY 10.21 (B) A7 B 1 4 7.8 0.32-0.33 – – A4
Ori FK 11.80 (B) A2 B 1 4 2.0 0.35-0.44 – – K
Ori FT 9.35 (B) A0 B 1 4 2.7 0.72-0.77 – – A2
Ori V536 10.50 (B) A2 B 1 3 3.1 0.46-0.50 – – A1
Peg AT 9.21 (B) A3.5V BR 8 30 3.3 0.00-1.00 – – A3
Peg BG 10.50 (B) A2V BV RI 15 102 5.8 0.00-0.29, 0.35-1.00 25.543 (1) 12.7 (5) A2 & A4
Peg DM 11.80 (B) A3 B 1 4 4.3 0.72-0.79 ? – A2
Peg OO 8.53 (B) A2 B 1 4 2.9 0.79-0.83 – – A3
Per RV 11.40 (B) A0 B 1 5 3.9 0.16-0.27 – – A2
Sge UZ 11.40 (B) A0 V R 3 60+ 4.9 0.00-1.00 ? – A2
Tau EW 11.70 (B) - B 1 4 3.1 0.59-0.62 – – K
Tau V1149 8.65 (B) A0 B 1 4.5 2.1 0.63-0.67 – – A4
UMa IO 8.44 (B) A3 BV RI 47 150+ 1.5 0.00-1.00 22.015 (2) 6.7 (1) A2 & A3
UMi RT 11.10 (B) F0 B 1 5 3.7 0.49-0.61 – – A2
Vul AW 10.00 (B) F0 B 1 5.5 4.4 0.59-0.88 – – A2
Vul BP 10.17 (B) A7 B 1 3 2.5 0.24-0.30 – – A2
Vul RR 10.15 (B) A2 B 2 6 2.7 0.16-0.18, 0.64-0.67 ? – A2
c© 201X RAS, MNRAS 000, 1–13
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Table 3. The photometric observations log of the eight selected
EBs.
System Comparison star Check star
CZ Aqr GSC 6396-1024 GSC 6396-0872
TY Cap GSC 5749-2167 GSC 5749-1557
WY Cet HIP 7373 GSC 5279-0617
UW Cyg GSC 3164-0083 GSC 3164-0269
HL Dra SAO 31053 GSC 3913-0901
HZ Dra SAO 18500 GSC 4449-1053
AU Lac GSC 3610-0231 GSC 3610-0685
CL Lyn GSC 3787-0420 GSC 3783-0649
Table 4. Sample of the heliocentric radial velocities measure-
ments of HZ Dra.
HJD Phase RV1
(km/s)
2455825.3099 0.2800 −36 (14)
2455825.3549 0.3382 −35 (14)
2455829.4886 0.6862 28 (12)
as reference, to compensate for the relative Doppler shifts of
each standard. The variables’ spectra were subtracted from
those of each standard, deriving sums of squared residuals
in each case. Such least squares sums should allow the best
match between the spectra of variable and standard to be
found.
Comparison between the spectra of WY Cet and
UW Cyg and the standards yielded the primaries to be A9V
and A6V type stars, respectively. Fig. 1a shows the best
matching of the variables’ spectra with those of the stan-
dards. The spectrum of HZ Dra, although dominated by the
primary component, could not fit sufficiently well with any
of the standards. That may means that the secondary con-
tributes in way that affects the spectrum, therefore spectral
classification could not be accurate.
For the radial velocity (RV) calculations for HZ Dra the
software Broadening Functions (BFs) v.2.4c (Nelson 2009),
which is based on the method of Rucinski (2002), was used.
We cropped all spectra in order to avoid the broad Hβ line,
and we included all the sharp metallic lines between 4800-
5350 A˚. Each RV value and its error was derived statisti-
cally (mean value and error) from the respective velocities
resulting from BFs method by using six different standard
stars of similar spectral type to the system. Due to the large
brightness difference between the components of the system,
we obtained measurements only for its primary. The semi-
amplitude of the RV curve, K1, and the systemic velocity
V0 were calculated by fitting a sinusoidal function to the RV
points. A sample of the heliocentric RVs are given in Ta-
ble 4, while the rest are given in the electronic version of the
paper. The RV plot is illustrated in Fig. 1b.
4 LIGHT CURVE ANALYSIS AND ABSOLUTE
PARAMETERS DERIVATION
Complete LCs of each system were analysed using
PHOEBE v.0.29d software (Prsˇa & Zwitter 2005) that fol-
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Figure 1. (a): The comparison spectra of WY Cet (upper) and
UW Cyg (lower) and the standard stars A9V (HIP 11678) and
A6V (HIP 21589), respectively. (b): Synthetic (solid line) and
observed (points) radial velocities of the primary component of
HZ Dra. The radial velocity amplitude K1 and the systemic ve-
locity V0 are also indicated.
lows the 2003 version of the Wilson-Devinney (WD) code
(Wilson & Devinney 1971; Wilson 1979, 1990). In the cases
where multicolour photometry was available, the LCs were
analysed simultaneously. For HL Dra and HZ Dra the radial
velocities of the primary component (Pribulla et al. (2006)
and present paper) were included in the analysis. In the
absence of spectroscopic mass ratios, the ‘q-search’ method
using a step of 0.1 was trialled in Modes 2 (detached system)
and 5 (conventional semi-detached system) to find ‘photo-
metric’ estimates for the mass ratio qph. This value was then
set as initial input and treated as a free parameter in the
subsequent analysis. The temperatures of the primaries were
assigned values according to their spectral types using the
correlations of Cox (2000) and were kept fixed, while the
temperatures of the secondaries T2 were adjusted. The val-
ues of bolometric albedos A1 and A2, and gravity darken-
ing coefficients, g1 and g2, were set as A=1 and g=1 for
radiative (Rucinski 1969; von Zeipel 1924) and A=0.5 and
g=0.32 for convective atmospheres (Rucinski 1969; Lucy
1967). Synchronous rotation was assumed, so the synchro-
nization parameters F1 and F2 were set as 1. The linear limb
darkening coefficients, x1 and x2, were taken from the ta-
bles of van Hamme (1993); the dimensionless potentials Ω1
and Ω2, the fractional luminosity of the primary component
L1 and the inclination i of the system’s orbit were set as
adjustable. Since the O−C diagrams (see next section) of
CZ Aqr, TY Cap, WY Cet and UW Cyg suggested possible
existence of other components, the third light parameter l3
was also adjusted. Best-fit models and observed LCs of the
systems are presented in Fig. 2 with corresponding param-
eters in Table 5.
c© 201X RAS, MNRAS 000, 1–13
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Table 5. Light curve solution and absolute parameters of the components (P=Primary, S=Secondary).
System: CZ Aqr TY Cap WY Cet UW Cyg HL Dra HZ Dra AU Lac CL Lyn
Light curve parameters
Mode Semidetached Semidetached Semidetached Semidetached Semidetached Detached Semidetached Semidetached
i (◦) 89.7 (1) 80.4 (2) 81.8 (1) 87.1 (1) 66.5 (1) 72.0 (3) 83.0 (1) 78.7 (1)
q (m2/m1) 0.49 (1) 0.52 (1) 0.26 (1) 0.14 (1) 0.37 (1) 0.12 (4) 0.30 (1) 0.19 (2)
Component: P S P S P S P S P S P S P S P S
T (K) 82001 5650 (12) 82001 4194 (30) 75002 4347 (7) 80002 4347 (4) 82003 5074 (8) 98004 5015 (68) 82005 3784 (15) 82006 4948 (14)
Ω 3.44 (1) 2.86 3.80 (2) 2.93 4.18 (1) 2.40 5.89 (1) 2.07 2.93 (1) 2.63 2.48 (1) 2.28 (2) 4.51 (2) 2.46 3.36 (1) 2.21
xB 0.584 0.760 0.614 1.004 0.701 0.968 0.596 0.971 0.596 0.853 0.491 0.862 0.540 0.831 0.588 0.874
xV – – 0.510 0.850 0.570 0.822 0.517 0.820 0.509 0.708 0.418 0.721 0.474 0.747 0.505 0.729
xR – – 0.424 0.738 0.476 0.708 – – 0.426 0.611 0.353 0.622 0.402 0.691 – –
xI – – 0.331 0.606 0.367 0.586 0.351 0.591 0.338 0.513 0.281 0.523 0.327 0.564 0.340 0.527
(L/LT)B 0.878 (2) 0.122 (1) 0.953 (4) 0.018 (1) 0.946 (2) 0.044 (1) 0.945 (2) 0.051 (1) 0.956 (1) 0.044 (1) 0.995 (1) 0.005 (1) 0.987 (1) 0.013 (1) 0.959 (6) 0.042 (2)
(L/LT)V – – 0.938 (6) 0.037 (1) 0.915 (2) 0.076 (1) 0.902 (3) 0.093 (2) 0.932 (1) 0.068 (1) 0.992 (1) 0.008 (1) 0.969 (1) 0.031 (1) 0.934 (8) 0.066 (4)
(L/LT)R – – 0.914 (8) 0.056 (1) 0.883 (2) 0.106 (2) – – 0.912 (1) 0.088 (1) 0.988 (1) 0.012 (2) 0.948 (2) 0.052 (2) – –
(L/LT)I – – 0.887 (10) 0.084 (2) 0.843 (3) 0.144 (3) 0.802 (4) 0.180 (1) 0.888 (1) 0.112 (1) 0.984 (1) 0.016 (4) 0.916 (2) 0.084 (2) 0.887 (10) 0.113 (1)
(L3/LT)B – 0.029 (3) 0.010 (1) 0.004 (1) – – – –
(L3/LT)V – 0.025 (4) 0.009 (2) 0.005 (1) – – – –
(L3/LT)R – 0.030 (6) 0.010 (2) – – – – –
(L3/LT)I – 0.029 (8) 0.013 (2) 0.018 (1) – – – –
Absolute parameters
M (M⊙) 2.00
a 0.98 (1) 2.00a 1.05 (1) 1.70a 0.44 (1) 1.90a 0.26 (1) 2.5 (2) 0.9 (1) 3.0 (3) 0.4 (1) 2.0a 0.60 (1) 2.0a 0.38 (3)
R (R⊙) 1.9 (1) 1.8 (1) 2.5 (1) 2.5 (1) 2.2 (1) 2.3 (1) 2.2 (1) 2.9 (1) 2.5 (4) 1.8 (3) 2.3 (1) 0.8 (1) 1.8 (1) 2.1 (1) 2.5 (1) 1.9 (1)
L (L⊙) 15.3 (9) 2.9 (2) 24.3 (8) 1.8 (2) 14.0 (9) 1.7 (1) 18.0 (9) 2.6 (1) 24.3 (7) 1.9 (1) 45 (3) 0.4 (2) 12.6 (7) 0.8 (1) 25.2 (9) 2.0 (7)
Mbol (mag) 1.8 (6) 3.6 (6) 1.3 (1) 4.1 (1) 1.9 (8) 4.2 (8) 1.6 (4) 3.7 (6) 1.3 (2) 4.1 (2) 0.6 (4) 5.9 (4) 2.0 (6) 5.0 (7) 1.2 (9) 4.0 (8)
a (R⊙) 1.9 (2) 3.8 (1) 2.7 (3) 5.2 (1) 1.8 (3) 6.9 (1) 1.5 (2) 11.2 (1) 1.7 (3) 4.4 (1) 0.6 (1) 4.7 (2) 1.7 (2) 5.7 (1) 1.3 (3) 6.6 (1)
1Perryman (1997), 2present paper (section 3), 3Pribulla et al. (2006), 4Wright et al. (2003), 5Budding et al. (2004), 6Adelman (2001), aassumed, LT = L1 + L2 + L3
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Figure 2. Synthetic (solid lines) and observed (grey points) light curves of the systems.
c©
2
0
1
X
R
A
S
,
M
N
R
A
S
0
0
0
,
1
–
1
3
6 A. Liakos, P. Niarchos, E. Soydugan and P. Zasche
-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
0.0
0.1
0.2
0.3
0.4
0.5
ZAM
S
TA
MS
log M/M
lo
g 
R
/R
CZ Aqr  P  S
TY Cap  P  S
WY Cet  P  S
UW Cyg P  S
HL Dra P  S
HZ Dra  P  S
AU Lac   P S
CL Lyn   P S
Figure 3. The location of the systems’ components (P for pri-
mary and S for the secondary) in the M − R diagram. The pri-
maries and the secondaries belonging to near contact systems are
indicated with grey symbols for comparison.
Although no radial velocity curves for these systems
were published as yet, except for the primaries of HL Dra
and HZ Dra, we can form fair estimates of their absolute
parameters (see Table 5). The masses of the primaries were
assumed from their spectral type, while those of the sec-
ondaries followed from the adopted mass ratios. The semi-
major axes (a), used to calculate mean radii, follow from
Kepler’s law. In Fig. 3 the position of the systems’ compo-
nents in the Mass-Radius (M − R) diagram is presented.
The theoretical lines for Zero Age Main Sequence (ZAMS)
and Terminal Age Main Sequence (TAMS) were taken from
Niarchos & Manimanis (2003).
5 ORBITAL PERIOD ANALYSES
Computation of the orbital parameters of additional bodies
causing cyclic period changes (LIght− Time Effect) is an
inverse problem for several parameters, namely the period
P ′ and eccentricity e of each additional body, HJD of the
periastron passage T0, semi-amplitude A of each LITE and
argument of periastron ω. The mass transfer/loss rate should
be accompanied by period changes that can be computed
directly by using the coefficient C2 of the parabola which
fits the O−C points in such cases (cf. Hilditch 2001).
The ephemeris of the EB (JD0 and P for the linear form
and C2 for the quadratic) should be calculated together with
the parameters of the LITE. From the LITE parameters, the
mass function f(M) and the minimal mass Mmin (assuming
a coplanar orbit with the EB) of each additional body can
be estimated.
A cool component of an EB is candidate for magnetic
activity, hence the potential variation of its quadrupole mo-
ment ∆Q should be checked against cyclic period mod-
ulation as suggested by Applegate (1992). For the ∆Q
calculation the relations of Lanza & Rodono` (2002) and
Rovithis-Livaniou et al. (2000) and the absolute parameters
of the cooler component of each system (see Table 5) were
used. According to the criterion of Lanza & Rodono` (2002)
the magnetic activity of a component implies the cyclic pe-
riod changes of the EB if its quadrupole moment lies between
the range 1050 < ∆Q < 1051 g cm2.
Only CZ Aqr, TY Cap, WY Cet and UW Cyg are sys-
tems showing peculiar period modulation. Their O−C dia-
grams were analysed using the least squares method with
statistical weights in a MATLAB-code designed by P.Z.
(Zasche et al. 2009). Weights were set at w = 1 for vi-
Table 6. O−C diagram analyses results.
System CZ Aqr UW Cyg
JD0 (HJD) 2443371.449 (2) 2443690.082 (3)
P (d) 0.862752 (3) 3.450759 (1)
3rd body 3rd body 4th body
T0 (HJD) 2455535 (8000) 2435563 (1000) 2436101 (878)
ω (◦) 166 (22) 213 (13) 78 (34)
A (d) 0.026 (4) 0.061 (2) 0.013 (1)
P ′ (yr) 103 (5) 82 (2) 30 (1)
e 0.3 (2) 0.2 (1) 0.4 (2)
f(M) (M⊙) 0.010 (2) 0.184 (1) 0.013 (1)
Mmin (M⊙) 0.49 (6) 1.30 (1) 0.59 (1)
ΣWres2 0.014 0.061
∆Q (g cm2) 1.4 (2)×1050 3.5 (1)×1050 2.0 (5)×1050
System TY Cap WY Cet
JD0 (HJD) 2440523.095 (2) 2431553.889 (9)
P (d) 1.423458 (2) 1.939689 (1)
C2 (d/cycle) 7 (2)×10−11 1.958 (1)×10−9
P˙ (d/yr) 3.9 (1)×10−8 7.37 (1)×10−7
M˙ (M⊙/yr) 2.05 (6)×10
−8 7.52 (1)×10−8
3rd body 3rd body
T0 (HJD) 2465187 (4000) 2420356 (5000)
ω (◦) 99 (41) 60 (6)
A (d) 0.029 (2) 0.052 (1)
P ′ (yr) 80 (3) 98 (6)
e 0.2 (1) 0.3 (1)
f(M) (M⊙) 0.019 (7) 0.078 (9)
Mmin (M⊙) 0.64 (6) 0.89 (7)
ΣWres2 0.010 0.189
∆Q (g cm2) 4.4 (3)×1050 3.2 (1)×1050
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Figure 4. The fitting (solid line) on the O−C points (upper part)
and the residuals (lower part) of the total solution for UW Cyg.
Dashed dotted line corresponds to the first LITE function.
sual, 5 for photographic and 10 for CCD and photoelectric
observations. Times of minima were taken from the liter-
ature (168 for CZ Aqr, 107 for TY Cap, 75 for WY Cet
and 193 for UW Cyg). The input ephemerides used to com-
pute the O−C points of the compiled data were taken from
Kreiner et al. (2001). In Fig. 4, full circles represent times
of primary minima and open circles those of the secondary
minima, where the bigger the symbol, the bigger the weight
assigned. A LITE function associated with a cyclic distri-
bution of O−C points and a parabola in accordance with
possible mass transfer (see Table 5-geometrical status) were
the respective fitting functions.
For TY Cap and WY Cet the adopted fitting functions
c© 201X RAS, MNRAS 000, 1–13
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describe the data very well. For CZ Aqr and UW Cyg the
parabolic term resulted in a value very close to zero, there-
fore it was excluded from the final solutions. In addition,
for UW Cyg a second periodicity in the residuals was de-
tected and a second LITE function was trialled. In Fig. 4
the O−C fitting for UW Cyg (for the rest systems see elec-
tronic version) is shown. The solution parameters are listed
in Table 6.
6 SEARCH FOR PULSATIONS
To prepare for frequency analysis, eclipses and proximity
effects were excluded by subtracting the eclipsing binary
model from the observed data. Frequency analysis was per-
formed with the software PERIOD04 v.1.2 (Lenz & Breger
2005) that is based on classical Fourier analysis. Given that
typical frequencies for δ Sct stars range between 3-80 c/d
(Breger 2000; Soydugan et al. 2006b), the analysis was made
for this range. After the first frequency computation the
residuals were subsequently pre-whitened for the next one.
For cases showing pulsations, the dominant frequency is
given in Table 2, where ambiguous results have a question
mark (?).
Frequency analysis results for the eight selected EBs
(see Table 3) are given in Table 7, where we list for each fil-
ter data set: frequency values f , l-degrees, semi-amplitudes
A, phases Φ and S/N . The pulsation mode was identified
from the software FAMIAS v.1.01 (Zima 2008), based on
δ ScutiMAD models (Montalban & Dupret 2007) for those
cases where more than one filter used. The frequency search
of CZ Aqr, UW Cyg, HZ Dra and AU Lac was based only
in B filter data, therefore l-degrees were not determined for
these systems. However, for some cases, frequencies having
S/N <4 in R and I also appeared. These frequencies were
also detected in B and V data, with S/N >4, hence we con-
cluded that despite their being below the programme’s crit-
ical limit, they are probably real. Amplitude spectra, spec-
tral window plot and Fourier fit on the longest data set are
plotted for the case of AU Lac in Fig. 5, while for the rest
systems are given in the electronic version of the paper.
For CZ Aqr one oscillation frequency, with an ampli-
tude very near the 4 − σ significance limit, was found. For
UW Cyg and HZ Dra the analysis was performed only on
the B-data, while data from the other filters were neglected
due to their high noise. We detected two pulsation frequen-
cies for UW Cyg and one for HZ Dra, with their respective
amplitudes marginally overriding the significance limit. For
these three systems future observations with higher accuracy
are needed.
Due to the faintness of AU Lac (mB=11.5 mag) the
BV RI data obtained with the A2 instrument (see Table 1)
did not show any clear evidence of pulsations, they were
therefore excluded from the search. Although the LC mod-
elling of AU Lac was based on both data sets (BVRI with
the 40 cm and B with the 1.2 m telescope), the analysis was
performed only to the B-LC residuals of the data taken with
the K-telescope (see Table 1). From this data set, two pul-
sation frequencies, with the most dominant at ∼58.22 c/d,
were revealed.
The pulsation analysis for HL Dra, TY Cap and
WY Cet resulted in three, two and one frequencies, re-
(a)
(b)
(c)
(d)
Figure 5. (a), (b): Amplitude spectra, where the detected fre-
quencies and the significance level are indicated, (c) spectral win-
dow plot, and (d) Fourier fit on the longest data set for AU Lac.
spectively. The l-degrees for HL Dra were not found among
MAD models for the mass given in Table 5, therefore a mass
value of 2 M⊙ was adopted for the mode identification. Fu-
ture spectroscopy observations may resolve this discrepancy.
Three frequencies in B and V data were traced for
CL Lyn. In the I-observations only one dominant frequency
f1 was found to have a S/N > 4. The ratio f1/f3 ∼ 0.75 is
typical for the radial fundamental and first overtone modes.
c© 201X RAS, MNRAS 000, 1–13
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Table 7. Frequency analysis results for all systems.
TY Cap
B-filter V -filter R-filter I-filter
No l F A Φ S/N F A Φ S/N F A Φ S/N F A Φ S/N
(c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d] (mmag) (◦)
f1 2 24.222 (1) 18.5 (7) 143 (2) 8.5 24.224 (1) 15.6 (7) 142 (2) 7.2 24.225 (2) 1.2 (6) 145 (3) 8.6 24.226 (1) 9.4 (5) 142 (3) 10.1
f2 - 24.590 (1) 11.3 (7) 93 (4) 5.0 24.596 (1) 7.1 (7) 85 (5) 3.3 24.585 (1) 6.5 (6) 114 (5) 5.5 24.597 (1) 5.0 (5) 76 (5) 5.3
WY Cet
B-filter V -filter R-filter I-filter
No l F A Φ S/N F A Φ S/N F A Φ S/N F A Φ S/N
(c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d] (mmag) (◦)
f1 0 or 1 13.211 (1) 7.7 (3) 56 (2) 6.0 13.212 (1) 5.2 (4) 55 (5) 4.6 13.210 (1) 4.5 (5) 57 (6) 4.8 13.213 (1) 3.7 (4) 40 (7) 4.2
HL Dra
B-filter V -filter R-filter I-filter
No l F A Φ S/N F A Φ S/N F A Φ S/N F A Φ S/N
(c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d] (mmag) (◦)
f1 2 26.914 (1) 3.0 (2) 248 (4) 5.0 26.914 (1) 2.8 (3) 245 (11) 5.0 26.911 (1) 1.9 (3) 261 (10) 2.9 26.916 (1) 1.9 (3) 224 (8) 4.0
f2 1 or 2 31.072 (1) 2.7 (2) 221 (5) 4.8 31.072 (1) 1.5 (3) 225 (7) 2.7 31.071 (1) 1.5 (3) 228 (13) 3.2 31.072 (1) 2.0 (3) 239 (7) 4.0
f3 - 23.795 (1) 2.7 (2) 319 (5) 5.1 23.795 (1) 2.1 (3) 318 (12) 4.5 23.793 (1) 1.5 (3) 317 (13) 3.0 23.796 (1) 1.4 (3) 308 (10) 2.8
CL Lyn
B-filter V -filter R-filter I-filter
No l F A Φ S/N F A Φ S/N F A Φ S/N F A Φ S/N
(c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d] (mmag) (◦)
f1 1 23.051 (1) 7.3 (3) 196 (2) 13.8 23.054 (1) 5.7 (4) 166 (4) 8.4 - - - - 23.055 (1) 3.2 (4) 156 (6) 6.8
f2 1 or 3 15.169 (1) 4.6 (3) 305 (3) 6.1 15.159 (1) 3.6 (4) 320 (6) 6.7 - - - - 15.169 (1) 1.7 (4) 312 (12) 2.4
f3 - 17.426 (1) 3.1 (3) 370 (5) 5.1 17.435 (1) 3.5 (4) 356 (6) 5.3 - - - - 17.440 (1) 0.9 (4) 334 (24) 2.0
CZ Aqr UW Cyg HZ Dra AU Lac
B-filter B-filter B-filter B-filter
No l F A Φ S/N F A Φ S/N F A Φ S/N F A Φ S/N
(c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d) (mmag) (◦) (c/d] (mmag) (◦)
f1 35.508 (2) 3.7 (5) 329 (7) 8.5 27.841 (2) 1.9 (2) 132 (6) 4.4 51.068 (2) 4.0 (4) 170 (6) 6.5 58.217 (1) 5.0 (3) 177 (3) 11.9
f2 - - - - 32.087 (2) 1.7 (2) 111 (6) 4.1 - - - - 51.298 (1) 4.1 (3) 356 (4) 4.0
c©
2
0
1
X
R
A
S
,
M
N
R
A
S
0
0
0
,
1
–
1
3
δ Sct components in binary systems 9
7 EVOLUTION AND PULSATION-PERIOD
CORRELATIONS
Seventy four cases of close binaries containing a δ Sct com-
ponent are listed in Table 8. In particular, the columns con-
tain: the name of the System, its orbital period Porb, its
dominant pulsation period Ppuls and its semi-amplitude A,
the mass M and the radius R of the pulsating component,
the geometrical configuration of the system Type and the
corresponding literature reference Ref.
Three new correlation diagrams (Fig. 6) between pul-
sation and orbital periods are illustrated. Since the range
of orbital periods is larger than the one presented by
Soydugan et al. (2006a), we chose to correlate logarith-
mic rather than decimal values. For the following de-
rived relations all except four systems were used. In
particular, CPD-31◦6830, CPD-41◦5106 and CPD-60◦871
(Pigulski & Michalska 2007) are ambiguous concerning both
their geometrical types and pulsational characteristics, while
V1241 Tau (referred also as WX Eri) was listed as an
oEA system by Soydugan et al. (2006b), but Arentoft et al.
(2004) found no evidence of pulsations. So far there is no
clear theoretical relation between orbital and pulsation pe-
riods. Therefore, systems were distinguished according to
their geometrical types and an empirical relation for each
subset was extracted:
For Semidetached binaries (oEA systems):
logPpuls = −1.56(4) + 0.62(8) logPorb (1)
for Detached binaries:
logPpuls = −1.4(1) + 0.5(2) logPorb (2)
for all known close binaries (Detached, Semidetached, un-
classified) including a δ Sct component:
logPpuls = −1.53(3) + 0.58(7) logPorb (3)
Although the sample of the present paper is almost
quadruple than that of Soydugan et al. (2006a), it is still
not large (70 cases included). From our findings, there is no
unique physical law correlating pulsation and orbital periods
for all kind of binaries containing a δ Sct member. However,
the results of the present study strongly suggest that there
are some connections between these quantities and further
theoretical investigation is needed.
Using the mass and radius of a pulsating component,
we can calculate the surface gravity g, which can be related
to the stage of stellar evolution. It was noticed that the
more evolved the star the more slow the pulsations, so a
connection between its pulsation period and evolutionary
status is plausible. This may be similar to that given for
radially pulsating stars (Fernie 1995):
log g = −1.14(4) logPpuls + 2.62(4) (4)
For the correlation between log g and Ppuls our sample con-
sisted of systems with known absolute parameters (Table 8),
for which most are semi-detached ones (41 of 46). A 3D
plot presenting the correlation between dominant pulsation
frequency and evolutionary status of binary members-δ Sct
stars is given in Fig. 7, where it is shown that the faster pul-
sating stars are inside ZAMS-TAMS limits, while the slower
ones lie beyond TAMS. Their positions in the M − R di-
agram (i.e. the x − y level of Fig. 7) are shown in Fig. 8.
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
-2.4
-2.1
-1.8
-1.5
-1.2
-0.9
-0.6
-0.3
0.0
r=0.74
Semi Detached Systems
log Porb
lo
g 
P p
ul
s
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
-2.4
-2.1
-1.8
-1.5
-1.2
-0.9
-0.6
-0.3
0.0
r=0.69
Detached Systems
log Porb
lo
g 
P p
ul
s
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
-2.4
-2.1
-1.8
-1.5
-1.2
-0.9
-0.6
-0.3
0.0
r=0.74
 Semidetached 
 Detached
 Unclassified
log Porb
lo
g 
P p
ul
s
All Systems
Figure 6. The correlation between pulsation and orbital periods
for δ Sct stars in semidetached, detached and all close binaries.
Black solid lines represent the best linear fittings and the corre-
lation coefficient r is also indicated.
The dominant pulsation periods of these stars are plotted
against their log g in Fig. 9. The following linear function
was found to fit the data adequately well:
log g = −0.3(1) logPpuls + 3.7(2) (5)
Although this relation is very different to that of single
pulsating stars, as shown in Eq. 4-5, it can be noticed that
the scatter of the points is large. Especially the data set be-
tween −1.4 < logPpuls < −1.0 shows the largest deviation
from the theoretical trend, while for logPpuls > −1.0 there
are only a few points. The possibility of two branches ex-
istence in the data set was examined, but since the sample
consists of stars of the same type (i.e. oEA stars of similar
evolutionary stage) we could not find any physical interpre-
tation in presenting different correlations between Ppuls and
g according to the Ppuls values. However, a larger sample of
oEA stars in the future would clarify this hypothesis.
8 DISCUSSION AND CONCLUSIONS
68 eclipsing systems candidates for pulsations were observed,
in order to check them for possible short-periodic oscil-
lations. Eight new systems (QY Aql, CZ Aqr, UW Cyg,
HL Dra, HZ Dra, AU Lac, CL Lyn and IO UMa) were dis-
covered and their dominant pulsation characteristics listed.
These findings increase the current sample of binaries with
δ Sct components by ∼11%.
c© 201X RAS, MNRAS 000, 1–13
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Table 8. List of close binaries containing a δ Sct component.
System Porb Ppuls A M R Type Ref. System Porb Ppuls A M R Type Ref.
(d) (d) (mmag) (M⊙) (R⊙) (d) (d) (mmag) (M⊙) (R⊙)
Aql QY 7.22954 0.09385 11.9 (B) – – SD pp HD 99612 2.77876 0.06796 – – – D 31
Aqr CZ 0.86275 0.02849 4.0 (B) 2.0 1.9 SD pp HD 172189 5.70165 0.05100 – – – D 35, 7
Aqr DY 2.15970 0.04275 13.0 (V ) – – SD 37, 43 HD 207651 1.47080 0.06479 21.4 (B) – – U 19
Aur KW 3.78900 0.08750 80.0 (V ) 2.3 4.0 U 20, 2 HD 220687 1.59425 0.03821 12.8 (V ) – – D 31
Boo EW 0.90630 0.02083 20.0 (V ) – – SD 36 Her BO 4.27283 0.07446 68.0 (B) 2.4 3.6 SD 39, 3, pp
Boo YY 3.93307 0.06128 58.4 (B) 2.0 1.9 SD 17, 41 Her CT 1.78640 0.01889 3.2 (B) 2.3 2.1 SD 34, 41, 25
Cam Y 3.30570 0.05860 11.6 (V ) 1.7 2.9 SD 36, 22, 34 Her EF 4.72920 0.10420 60.0 (B) 1.5 1.6 SD 34, 41
CMa R 1.13590 0.04710 8.8 (B) 1.1 1.5 SD 34, 35 Her TU 2.26690 0.05560 8.0 (V ) 1.4 1.6 SD 34, 40
Cap TY 1.42346 0.04132 21.0 (B) 2.0 2.5 SD 27, pp Her V944 2.08309 0.09467 31.0 (V ) – – U 9
Cas AB 1.36690 0.05830 39.2 (V ) 2.3 2.0 SD 34, 35 HIP 7666 2.37232 0.04090 20.0 (V ) – – D 34
Cas IV 0.99852 0.02650 10.0 (B) 2.6 2.0 SD 35 Hya AI 8.28970 0.13800 20.0 (V ) 2.0 1.8 D 34
Cas RZ 1.19530 0.01560 13.0 (Y) 2.3 1.6 SD 34, 35 Hya RX 2.28170 0.05160 14.0 (B) 1.7 1.7 SD 34, 22
Cep XX 2.33732 0.03174 3.8 (B) 2.0 2.1 SD 29, 35 KIC 10661783 1.23136 0.03554 4.0 – – SD 33
Cet WY 1.93969 0.07575 8.6 (B) 1.7 2.2 SD 27, pp Lac AU 1.39243 0.01977 7.2 (B) 2.0 1.8 SD pp
Cha RS 1.66987 0.08600 16.8 1.9 2.2 D 35 Leo DG 4.14675 0.08337 6.2 (B) – – U 24
CPD-31◦6830a 0.88343 0.18304 54.1 (V ) – – D 31 Leo WY 4.98578 0.06550 11.0 (V ) 2.3 3.3 SD 16, 3
CPD-41◦5106a 2.13700 0.12125 20.2 (V ) – – D 31 Leo Y 1.68610 0.02900 4.1 (V ) 1.6 1.7 SD 42, 40
CPD-60◦871a 1.22096 0.21423 17.1 (V ) – – D 31 Lep RR 0.91543 0.03138 5.0 (V ) 2.2 2.0 SD 16, 41
Cyg UW 3.45080 0.03405 4.2 (B) 1.9 2.3 SD pp Lyn CL 1.58604 0.04338 7.3 (B) 2.0 2.5 SD pp
Cyg V346 2.74330 0.05020 30.0 (B) 2.3 3.8 SD 23, 34, 3 Lyn CQ 12.50736 0.11277 40.0 (V ) – – U 4
Cyg V469 1.31250 0.02780 20.0 (V ) 3.3 2.7 SD 34, 41 Mic VY 4.43637 0.08174 19.4 (V ) 2.4 2.2 SD 31, 3
Dra GK 16.96000 0.11376 40.0 (V ) – – D 8 Oph V577 6.07910 0.06950 28.9 (V ) 1.7 1.8 D 35, 41
Dra HL 0.94428 0.03848 34.4 (B) 2.5 2.5 SD pp Oph V2365 4.86560 0.07000 50.0 (V ) 2.0 2.2 SD 21
Dra HN 1.80075 0.11686 10.9 (B) – – D 5 Ori FL 1.55098 0.05501 44.0 (V ) 2.9 2.1 SD 43, 3
Dra HZ 0.77294 0.01895 51.1 (B) 3.0 2.3 D pp Pav MX 5.73084 0.07560 76.9 (V ) – – SD 30
Dra SX 5.16957 0.04375 4.0 (V ) 1.7 3.1 SD 15, 40 Peg BG 1.95243 0.04002 15.0 (V ) 2.2 2.0 SD 37, 16, 38, 28
Dra TW 2.80690 0.05560 10.0 (B) 1.6 2.4 SD 34, 35 Per AB 7.16030 0.19580 20.0 (B) 1.9 2.0 SD 34, 40
Dra TZ 0.86600 0.01973 5.6 (B) 2.1 2.0 SD 34, 3 Per IU 0.85700 0.02380 20.0 (B) 2.4 1.9 SD 34, 3
Eri AS 2.66410 0.01690 6.8 (V ) 1.9 1.6 SD 34 Pyx XX 1.15000 0.02624 10.1 (B) – – D 1
Eri TZ 2.60620 0.05340 83.0 (B) 2.0 1.7 SD 34, 26 Ser AO 0.87930 0.04650 20.0 (B) 2.6 1.8 SD 34
Gru RS 11.50000 0.14700 600.0 (B) – – U 10 Tau AC 2.04340 0.05703 6.0 (V ) 1.5 2.3 SD 16, 3
GSC 3889-0202 2.71066 0.04410 50.0 (V ) – – SD 12 Tau V1241a,b 0.82327 0.16450 30 1.7 1.9 SD 35
GSC 4293-0432 4.38440 0.12500 40.0 (B) – – SD 14 Tel IZ 4.88022 0.07376 45.9 (V ) – – SD 31
GSC 4550-1408 1.23837 0.02703 20.0 (B) – – SD 11 UNSW-V-500 5.35048 0.07340 350.0 (V ) 1.5 2.4 SD 6
GSC 4558-0883 3.25855 0.04930 15.0 (R) – – SD 13 UMa IO 5.52039 0.05275 6.7 (B) – – SD pp
HD 61199 3.57436 0.03959 1.5 (V ) – – U 18 UMa VV 0.68740 0.01950 15.0 (B) 2.3 1.7 SD 34, 35
HD 62571 3.20865 0.11048 41.7 (V ) – – SD 31 Vel BF 0.70400 0.02225 26.0 (B) 2.0 1.8 SD 30
D=Detached, SD=Semidetached, U=Unclassified, aNot well defined, bWX Eri
Ref.: pp=present paper; (1) Aerts et al. (2002); (2) Allende Prieto & Lambert (1999); (3) Budding et al. (2004); (4) Carrier et al. (2002); (5) Chapellier et al. (2004); (6)
Christiansen et al. (2007); (7) Costa et al. (2007); (8) Dallaporta et al. (2002); (9) Dallaporta & Munari (2005); (10) Derekas et al. (2009); (11) Dimitrov et al. (2008a); (12)
Dimitrov et al. (2008b); (13) Dimitrov et al. (2009a); (14) Dimitrov et al. (2009b); (15) Dimitrov et al. (2010); (16) Dvorak (2009); (17) Hambsch et al. (2010); (18) Hareter et al.
(2008); (19) Henry et al. (2004); (20) Hudson et al. (1971); (21) I˙banogˇlu et al. (2008); (22) Kim et al. (2003); (23) Kim et al. (2005); (24) Lampens et al. (2005); (25) Lampens et al.
(2011); (26) Liakos et al. (2008); (27) Liakos & Niarchos (2009); (28) Liakos & Niarchos (2011); (29) Lee et al. (2007); (30) Manimanis et al. (2009); (31) Pigulski & Michalska
(2007); (32) Rodr´ıguez et al. (2010); (33) Southworth et al. (2011); (34) Soydugan et al. (2006a); (35) Soydugan et al. (2006b); (36) Soydugan et al. (2008); (37) Soydugan et al.
(2009); (38) Soydugan et al. (2011); (39) Sumter & Beaky (2007); (40) Surkova & Svechnikov (2004); (41) Svechnikov & Kuznetsova (1990); (42) Turcu et al. (2008); (43) Zasche
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The systems V821 Cas, EI Cep, CM Lac, DM Peg,
UZ Sge and RR Vul are still candidates, since they pre-
sented some ‘suspicious’ frequencies, but within the error
limits of the measurements. Further observations with larger
telescopes are needed to check these candidates. The sys-
tems: SZ Ari, V417 Aur, V364 Cas, MY Cyg, V477 Cyg,
SZ Her, UX Her, SX Lyn, EP Mon, EY Ori, FT Ori and
V536 Ori were re-observed in this way, but the results were
negative (see also Dvorak 2009).
LCs of eight systems including an oscillating component
were analyzed in order to derive their physical, geometrical
and pulsational characteristics. A semi-detached configura-
tion turned out for all systems, except for HZ Dra that was
found to be detached. Their primaries were identified as MS
δ Scuti-like pulsators, therefore, according to the definition
suggested by Mkrtichian et al. (2004), all systems, except
for HZ Dra, can be considered as oEA stars.
For CZ Aqr evidence supporting mass transfer was not
detected in the O−C analysis, neither was any third light
indicated in the LC fittings. The mass transfer might be at
a starting/ending phase, so that the rate could be too small
to be detected. The third body, according to its minimal
mass and assuming its MS nature, should contribute less
than 1% to the total light, therefore its non-detection is
reasonable.. On the other hand, the quadrupole moment of
the secondary component (1.4×1050 g cm2) can also account
for cyclic orbital period changes. One pulsation frequency
with relatively small amplitude was found for the primary
component.
Mass transfer from the secondary to the primary com-
ponent of TY Cap is supported by both LC and O−C anal-
yses. The detected third light had a value of ∼3%, while the
minimal mass found for the tertiary component (0.64 M⊙)
suggests ∼1% light contribution to the total light, as can be
derived from the Mass-Luminosity relation (L ∼ M3.5) for
the MS stars. Therefore, we conclude that these results are
mutually supportive for the triplicity of the system. Alter-
natively, the 4.4×1050g cm2 value of ∆Q could be consis-
tent with a possible Applegate-type mechanism. For the MS
component of the system two oscillation frequencies were
detected.
For WY Cet the O−C and LC analyses are consistent
with mass flow from the less to the more massive component,
while the detected third light was found to be ∼1%. The
light contribution of a MS star having the derived minimal
mass is expected to be ∼4%. This disagreement questions
the existence of the third body or its possible MS nature.
Plausibly, observed cyclic changes of the EB’s period can
be explained as magnetic influences of the secondary com-
ponent (∆Q = 3.2 × 1050 g cm2). The frequency analysis
resulted in one oscillating mode for the system’s primary
component.
The O−C analysis of UW Cyg yielded two cyclic or-
bital period variations, while the detected additional light
was found ∼1%. The values of quadrupole moment’s vari-
ation of the secondary component were found to support
both orbital period’s cyclic changes. On the other hand, the
hypothetical fourth body was found to have a minimal mass
of ∼0.6M⊙, which can explain the observed additional light
contribution, assuming its MS nature. To sum up, the most
possible explanation for the double periodic behaviour of the
system’s orbital period seems to be the secondary compo-
Figure 7. The 3D correlation plot of the evolutionary stage (x−y
level) and the dominant frequency (z-axis) for δ Sct components
in close binaries. The filled symbols represent the data points,
while their projection in the M −R diagram is indicated by dash
lines guiding into their respective open circles.
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Figure 8. The location of binary members δ Sct stars in the
M − R diagram. The ZAMS and TAMS limits are drawn with
black solid lines.
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Figure 9. The gravity acceleration versus the dominant pulsation
frequency for the δ Sct stars-members of close binaries (symbols).
The black solid line shows the best linear fit, while the grey one
corresponds to the respective relation for single δ Sct stars (Fernie
1995).
nent’s magnetic quadrupole moment variation with a period
of about 82 yr and the existence of a tertiary companion
with a period of ∼30 yr. No parabolic term in the O−C so-
lution was found, showing that the mass transfer rate is too
weak to be detected in the current data set. For the primary
component two low amplitude frequencies were traced.
For HZ Dra we found one, for HL Dra and CL Lyn three
and for AU Lac two pulsationfrequencies.
Taking into account only the reliable cases of binaries
containing a δ Sct star, three new empirical relations con-
necting pulsation and orbital periods are proposed. These
relations are certainly not the final ones due to the rather
small sample. In coming years it is expected that the sam-
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ple will be enriched significantly and more detailed relation-
ships between pulsation and orbital periods will be tested.
The pulsating members of oEA systems, as distinct from the
ones in detached, are mass accreting and the mass flow on
their surface should affect the pulsations (Mkrtichian et al.
2007). Our results showed that the δ Sct stars in near con-
tact systems present slightly slower pulsations than the ones
in detached binaries for a given orbital period.
The majority of the binary members-δ Sct stars lie in-
side the MS band and closer to the ZAMS limit, indicat-
ing that their instability starts at early stages of their evo-
lution in comparison with the singles. Another significant
conclusion is the relation connecting the evolutionary stage
of a δ Sct star member of a close binary with its dominant
pulsation frequency. A closer examination of this, reveals
that the older the star the slower the pulsations. Although
this is already known for single pulsators, a new correla-
tion between evolutionary stage and dominant pulsation fre-
quency for binary-members δ Sct stars is introduced in the
present study, which was found to differ significantly from
that for the respective singles. 80% of δ Sct in binaries pul-
sate with periods shorter than 2 hr (Soydugan et al. 2006b),
while the majority of single δ Sct stars (68%) have periods
in the range of 1.2-3.6 hr (Rodr´ıguez et al. 2000). Clearly,
pulsating members of binaries follow a different evolution-
ary track than classical ones as it was firstly pointed out
by Mkrtichian et al. (2003). The current sample includes
mostly mass gaining δ Sct stars and it seems that the mass
accretion plays an essential role in the star’s pulsation fre-
quency decrease rate, in a way that the star pulsates faster
than if it was single for a given evolutionary stage.
Future discoveries of binaries containing δ Sct compo-
nents will increase the current sample to better test possible
dependence of the pulsational behaviour on the mass ex-
change. Moreover, a physical interpretation of the empirical
relations correlating the pulsation and orbital periods, and
the pulsation period with the evolutionary stage of the δ Sct
components in close binaries is certainly needed. Future the-
oretical modelling for mass gaining δ Sct stars should take
into account quantities such as mass, radius, mass transfer
rate, radius expansion rate and dominant pulsation period.
Hence, the combination of theoretical models and current
observational results is expected to answer a lot of open
questions, enriching our knowledge about stellar evolution
near the end of the Main Sequence phase.
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